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! ith th~e recent int.orazt in Z~C =.;c:- Syst "- to

produce power In the. 'U r.-, the t= of : :D ;o r Ccnaratior.

for 'ts cplcth~~as tze a post~en of icr~so4

i1ortance- ?.ofcreces 1-4. co~l Lniyscs of various

power cycle arr&a.eent, :!- A6-- l.r4 .qd Ph~zea

-0 a~ por-t~or of' & 1!quid :-zZ all 0io tl.e!Se

conf~gratilors, it '.a of 'Ina~~ t the gazoous

acd liquzid p -zes are sc; ra.tad zs cac.Ie :cly as Possible

before ent..rin; the zec~tr sin-a Z2 clct-ca co4..-c-

tiv~ty (a) of ;,e pt~rc :.,--..!e is be~.. y -ha proence of

theo gas. Tnus it '.a !=orut.t to =r.e & 1C of .b@

re"avio~nship betweena the =i -cmt Z of v; = --:d t*ha eq..ivzlent

,electrical cor4..ctieity (a) of t1.o =xture as zeen lby to gezer-

ator. A-his report covers vork carriead "t in 14.& Izritia1

pras. of bot . ar&if tically &A- exe l.ay determtining a

shUAirJp betu-e: t..e equvalent e'-c.r-cal conductivity

and tho vapor void fraction.

The departure point for this wa vs a review, of the

various derivations, for equivalent c~c--zrical corAuctivity of

a heterogeneous rmcdia, all of w.ch zar. be traced be k to

thec classical work of J. C. ~Xz-well (5;. order to verify

Xu=!bers ins paren~thesis refer to refcrenccs in trs bllblio~raphy.



these relationships, an I.-uctiva coil measurir g technique

was selected to be devolo;ed into an Instrunant crApable of

detecting small changes in electrical conductivity. A

simplified analysis was derived for the equivalent electrical

-impedance for a coil of cylitdrical geozetryp having a are

of a nonmagnetic, but electreally corducting material. With

the establisbrent of the desigr parameters fo the coil, it

was then possible to construct a series of experants; to

detect ard correlate c6tanos in coil ptrameters with electrical

conductivity charges. During this phase of the work such

changes were introduced by using solid cores of different

electrical coructivity instead of havlzg a true flow situatioa.

The coils designed were use! !r conju.oion with two types

of comparative null bala.ce bridgos; the co=mo Nxwell bridge

and a nonlinear *Twin TO bridge. 'n order zo obtain the

necessary sensitivity, the T bridge was fourA =ore suitable,

and a series of experiments was carried cut with this type

of bridge.

Recordable changes in bridge output were detectable with

this bridge arrangement, ad an attempt was made to correlate

experimental data and arslytical p.edictions. The results

showed qualitative agraement, but poor quantitative corre-

lation. Both inadequate equi--ont sensitivity and theory



inadequacies were felt to be the. ca-"c of thso discrcpancy.

Ini cone lusion, *ttot U'3 -d to explain the:.

ditorences In ordor to Irnorove the &Zroement betuoen the

present zeasurenrmit technique &Ad theory.
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2.0 En12.va'.ent, Fle-n.t Co.-..uetvit

Tho clescal der valon or the equivalent oleotrical

cornducti-vity of a beterogeneous mixturo was first carried

out by Yaxwell (5). Using the assumpti on or a normally

homogeneous media inrt ds;arzd w.th a z---rial of a dIfer

ant electrical conductivity, M-unall replaced this raterial

with an *equivalent" naerial, sqcr.vrlent in the sense that

the same electric field in .'.ed ..-oughout both materials.

Thus, an equivalent electriml. co:uc Lvity (3) could be

defined. Assuming that -.%a -isparsed p?.aze Is of spherical

particles and is suffician-ly d!lute no Thaz ro point contat

exists &ongst thea. par.-i:lacs, X-*val was able to express

the electric field in terms of spherical ?arz-oaics (Le Condre

polynomials) in the steady state. By applying the electro-

magntic boundary conditions betucen the two phases, as well

as considering the finite cearactar of the fields, the constaits

of the field equations were solved for. After replacing the

heterogeneous mixture by one of conductivity 0, and a voluxe

ometimes the original hoogenreous phase volune, 3 was solved

for as a function of 6 • The rosulting expression due to

Maxwll is /
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vhere 2 is the rormally honoZc..cous p'=o a I !a the dis-

per" phase. (See Table 1).

A group of Russian works (rororcncas 8 , 1O 9 )

exterd tu basic Maxwell work to a zere gonralizod fora.

Xor.eez.ko (9), by rsing Gauss's th oro, related t!, volume

characteristic of any shaped Inclusion to the beounary

corAitions ard showed hov th averz- e corn.uc-!vit value of the

=edia could be derived in a nore ga-arLl =rner. Pliat (10)

presents an equation derived for the thazal conductivity of

a t.statistical =echa-ical nixture o. -sod rater!zls. With

the arAlogy between beat fow and e'ecrlc field theory, this

should also &;ply to the presont case.

Lord Rayleigh, by r.oglecting "A .-anl's acrptleo

that the Inclusions do not effect th fleld in t..h o-

geneous -edia, extended YA.wl I's equat!cz to a slightly more

general form. Yaredith (6) noted the ir.co.rectnres of both

axevoll and Rayleigh if the sparlcal nclusi-ons are In

point eontact. He der.ved an even rore general equation by

extenAing the electric field equations to Include more terms

of the La Cendre polynozials accountizg for point contact in

the limit. Referring to Table 1, a rr=rary of these equatiors

Is presented. Figure 1 shows the comparison of the Yaxvoll,

Rayleigb, and Yredith cqTatio.s for a lialting cue of



Table I Cozpariso of Thaora"A.cal Suatio~t for Z;!Svalor%

.AectricaI. Corduct.vity c." a T6, ? Ass ?V1xtur

where rim an ' U l, vol= oidPrcto

4 q k-)- ( --2

Rayieight

V-12 - i.

Yerdita:

2 Acw spwe

P114:%e
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the dispersed ph&as beire of zero coructivizy (i.e. 4 -S6cca).

It can be noted that in thIs erg@ all tj-rae foms of the

equation reduce to YAwxll'4 equation plus correction terns.

.+ --- correct-on term

Figure 1 Is a representation of Yxwlls result as a functin

of void fraction and the dispersod p)ase cocductivity.

To complete the discussion of the theoret.cal work

on electrical co'ductivity, Reference 7 by ?r!cce contains a

derivation for other than a purely spherical inclusion.

Fricke's primary Itnorat was corducttvlty of blood. His

derivation was goneralized for ellipoIds of rovoluUion, with

his result expressed at a :unctlon of the ellIpso-d aspect

ratio, (a/b), and the a ratio.
02

The main conclusion of this work as applied to the

problem at hand is that there exist on2y nelgllble differencee

In ;for a/b 99 1.0 (sphere) as compared to 3 for changes Ina

alb as large as 100 per cent.

2.1 Naturg gr 11As ZIa EMUn DU

Some brief cocants viii be presented as to the.

nature of two phase flow, so that the preceding reixrks an the
/



Table 11 "Alroretlcml B~uvacf. l~ otecrc1 Conductivity

f~or Gas Voids

VXersdith:

C16 -4

- rI

C16 TI4~ AA

Ar
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applicability of the expre-sions czan to put into a better

perspective.

Cre of the main objects of the )--D power cycle is to

rAL-se power. To have the mrx!= a of the vorkcing fluid,

it is desirable that the paroAtae of vapor be as amall as

poosible. I.nas it. ould be exp ctead that, dsco=tatig the

effet of te aq.ec fll eld on the vapor, , .e flow would most

likely be of a bubbly nat.ro-conslsting of stall vapor

voids dispersed fairly evenly throughout the flow field.

References 20 and 22 rev'Ie tha r re of the relationship

between void fraction (vole paer cent of vapor) a" the

flow velocities in the bubbly flow risA=. 7his expression is

of te fors

A review of the derivation ad dete.--ination of 1e costanto

Is not required in this work. The lzpartant oto Is that

this quation should c9rrelate for bubbly flow in the rano

Of interest of this prqont W generator cOcept. Thms,

a. cn be assumed that YAwell's equatioa or a r.ifrlcation

Jhhleof should be adequate to describe afor this V"~ of flov.



Vith an initial fourdation for tho ar~Alracal re-

lationship beteen 3 ard o( estalished, experlumetl

varification is requirei. This iqui-ecet is most logically

ulfilled by a series of epe.ri .ts sz-1r tng with determining

char.gis Of electrical cer.-cVy Vit.out tas eColicat.O of

two phase flow, than prozrazznCv to Q Stagn.knt, flow with a

vapor phase Introduced !r.zh I'- fluid, a-d firlly to as

complete an %M flow sizutcz a poazible.

The major problem is Qoat*,j the c Anges In a. An

induct.1ve coil xwl~d the coil lraltn af cyli.drical Ceonetr,

not only prosenza a good flc .# eo.nar for cli these oex;..iets,

but also peraits tbe flow to be -r±a.:u:rbed while the coil

"sees, an equivalenl Co uctvi ,t of tro flow. The induction

coil method Is based on %:-A p.-Inclpla t*haz by applying a tine

varying current to the co. wirdzi-gs, a zagreti field Is

established within the core spcs. T;is time varying ;APle

field Induces an electric .Ild In the *or*. With a core

of sero conductivity and rcststa.c.less vindings, no real"

power Is take by the coil ard core. But If the core Is of

a finite conductivity, soz real powcr is zcborcd as ;.leua

beat loss, thus changi g tue equa'*ler.t electrical impedance

of the coil.
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*1 ~-
By var-yin~g this cod uctilvllt, tb& c*.-.Zo of lzpodscc cen be

determined as a functlion of wn uzt.viz.y. &i oparatlonal itppe

1 at is establishad by te eAin do;; phozoman; for at

Oiofisits" conductivity zo ficld can exist In the con., end

thu no losses vil be iraced. A L-iof roviev of the coi

prazeters vill cl rity as point further.

Thi's =noaswnxt w-cr.iq is by zo noons now, refersnces

U-17 cozzain results of usl.: this basic technique In

=a~surir.g conductivity of Cases. Kau-ovr, a lizatlon that

Is nts retrictive in vhe czntjr€act-on of these expcriments

referrod to is the i'iting rasai-cm in %!: present exper-

imnt; that belUg the n sx~p.Lo of .o,igibie skin effect, or;6--<< 2 . ,,., ki 1 -'
Sin referxees -4-:7 =a corc--n d zririly with the

dLa, rinetion of -as conctivity In the r ar of 10° - 1 W0/rater,

for r4asomble coil sizes, tho fr.Tc=,, of operation is in

the =eoacycle range. As w14l1 be rubs.aotly derived, the

Induced electric field s i, - ortioral to &,. Th.s, t e

Increased sensitivity of ttas expoimatal setps is due

to the bilow frcquency range as compmwed to is grsent wrk

In which oI about 106 - le s X!M-./mor and the skin depth

lisdsto the lo - 1y3 ycle ra ge. Figure 2 shaos the

relationship for skin U.eph defined as,

4/-I, , J
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3.1 Chanees in Coil Par.az=ors due to Ch.n;os in Conductivity

Tho ite or na.or i toresT. from ue derivation of the

field equations for a cylindrical coil (Appondix A), is the

magnitude of the cha -ge of coil izpada.-.ce due to changes In C.

The impedance is eiven by,

where !!- ,S

The change with t he porcenra;e c nge in 0 can be derived

by partial differentiaton as,

)(/a) 0, k)

4

The total core plus coil resistance is given ty,

The percentage ch.rge in resist.nce iIth change in conductivity

Is,

Since the analysis was carried out for the assumption of

.I limited to a uxiumvalue of 1.0.
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?!-ires 3,4, cr4 5 p.-cct the vri;on o;' t h changs in

n4 no a fuction or c f'Or valuvo of Q

Sinco to ob.!n the -rctaza ch=.Z. irn R or 2 0 the operator.al

frequency W) = 2 7r f would be such !. h,;A lr%-u.O

weuld be the ltintinZ value. r..C theco plots, it 1a evident

tV-a- &a large a value of Q -s 'a .oo.,,sary for
adeq"ate detection of any charne !:- o- 2 .Z is li.ited

by prac ical co1l size, and .%- . a =-: v&-.ouo of about 100.

For a co4l of Q = 100

For a liquid =za coreo f "o- .30° . h

chAnte in R due t"o void frc*.on v.iato.ios V.tUt rut te

detected is of tho order of oua o( 1/1'f4), while

for an air core boi g r-.epaccd by & cc,.. corQ, th, theory

prdicts changes on ;ho ord r of 25 ti-oe zho coil rcslestce.

Yet, the chanZe fro= a Co. pc ore , .. coro (10 to 10c to'-/ne tor)

is of the s&ae order of =In'.tude c€.nog a that duo to the

possible void fraction vriatons.

It is clear that t.e ob.leciva of this experir.ent is

to design a coil of as high a Q a is practically posslble, and

to incorporate this coil in a dev€lco c b-.lo of dieutcting changes

in the cquivalo.t co l raisizanc. of 1/10/ parts. This

suCeosts soze form of null bIr.co or b.-!deo circuit. An
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ordir .ary Wheatstone bridZe circuit is shown in the work of

fiefer, ce 15 on cor uctivity dctz nr.atior, In hyporsonie

wakes. Yet, as previously =entioncd, the frequency lizitation

due to skin depth will l-t, tho rarge of o.dinia. 7 hidge

operation for the present Applii Uton.

3.2 Skin Depth itaitations

Before a review of .he experizanzal zea ureents is

undertaken, some clarfi cut'o. on skin depth I Imitation is

necess.7. By defin.ition, the bA-n dapth, 0, , is t.At

depth at which te eIec;r'.c firad in a conductor of fitnte

conuctivity has decayed to I/* of itz v'lue c.% the surface.

For sinusoidal steady state, S I's given by

Thus, for a 0~., $-co ard tefield compiaee2y

peetr tes the condug.or. For 6) can be quite hlgh.

ato as allc P S-00i a4 Tke electric andA Meez"etie

fielde becoie excluded from the core reon. Xote tAt the

fields in the region arourA the outside of the coil still exist.

'Since L is a measure of the magncetic field ste ragoebe.Ov tte

skin depth linit, L i* constant and greater than the value

when the skin depth is excaedt. ?or a flxcAd & .-A

as LO is increased past tho li t of S="* , will decreas.
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'.ere":e, cAnges In the co'l .Sea. nco are zo lc=C-a due

%o ctmr.&*a in R aIone, tut Cso to Cr~i~cn in. L. For 4

two phase flaw, tt eSkin depth Is a very uncerain quantity, .

Leing deporont on the flow ;atar as vo!l as 0 . -In oder

:or te *A¢uremants to be Irdeperder.t of charges In L, the

rage of frequency operation of the deoec Ion device In restricted

to values belog vhich the sk!.- depth Is axceeded.

/
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Experi=antal verifica or of O theory hcs as its

pria ry aim to constru-ct ard calibrate an i.-strunt capable

of detecting s=all char.C e 11n electrical conductivity.

The calibration would be c*ect-ical coructivity versus come

electrical paraneter (curre ., volta-C, Otc.). To achieve

this aim, two sets C. exar:nnts were .- n uzing two different

coils and bridge Bortn -amns. Sh cx;cr1=r.t s uscd cores

of three ditfoerent rateri..s: trrs3, co ;er, *-nd 4 LUnir .

Tte first exparitzent cons.'sd of a sta r.-d general

radio bridge , (250 1), ,a'cd as a Xt.xwll brlde, to

measure Q and L of the coil, both vith a-. without the

conductirg cores. Due to the lo I of a the co.l arA the skin

depth limit on frequency, Ua ridea wzz urAble to detect aW

chaugs In output due to core corAuctiv.ty. The operation

was also limited because of tue bridge sensitivity blng

frequency dependent. This reduced the rccur cy of the bridge

at low frequencies to a level insufficlent for detection of

the theoretically sall chvr.Ces in output voltage. ".erefore,

another bridge arrange=ant va tested with a new set of coils.

This new brld.e, referrd to as a ronlirar tvin T type

of bridge, Is discuseod by Uon (18) a-A FlldvAri (19). This

L
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bride hAs th e sdiantages of:

a) HIZIhr sonsitivity than sta.-ard YAxvell bridge.

b) Vxi::um bridge sensitivity is irsp3ndent of

frequency

a) Coion grour.d for input and output

4) Output is D.C.-no rectification needed

e) Simple construction

Two n=tched coils of a higher ! were cor.structed ard -atchd

Lo the bridge circuit. Cores of a' , bras, ard Loppor

wore used to obtain te varlattons i. . CtAzges in bridge

output were' dtectable with this arr.L. :=*nt, but Instr-=ent

sensitivity and accuracy wore aecmingly not adequate for

calibration. Qauntativo arzczt cw.:Id bo otrnr.cd, but

qatitative agreezent was poor. A =are thorough a-alysis

of the theory and. operation of tis experinta=l p-ase wini
be presentod arA will explain so-- of the discrepancies.

Since this later lAse provided the only substantial

data, the first experivant will be passed over with tbe

previous oawflts.

I,.1l onlinear Twin T Bridge

The twin . bridge is essentially a b.dge of tj0

unbalalacod am, the measure of the unbalance be!ng correlated
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vith the v,-iable of interest. ?or the Irductve b:IdC*. a

co.ze;te review of the t1.cory is Cive. in Roference 19.

Peoferring to t.e follovir sketch,

Lb f,

t.hel bridge comista of wo ars, eLCh & i.rg a .ode arA

o--* of two Identicul colls. Fy aplyini; &- &1tomating

voltage, %he trld -o ar.s ar-e ni cyconduzIng and opea

duo to the diode a.tloi. :n th cructj. am., tre curret

in the coil Wbilds at a certnlr. rate dep .ng on as Ure

constant of this arm, while the current Ln the other am

decays. sr4 It. is ar open clrut. On zhe opposite half.

cycle, the r verse happans. if the D.C. value of s o Is

taken for a balanced bride, currart In bo. cols bild& up

at the saze rate, their output voltare beina a. opposite

polarity. Ti amm of t3* D.C. voalt. es is tero. For the

't a-lanced ease, a non zero re-lsm., of E. is obtainrd.

Asumtzg an applied &q-re wave voltaI~e. tke circuit my be



raprosent". for ecd balf eyel@ as,

gaR e.

For each o: thae Ilrs'r cire Udzs, the curs t pat%*=~ for

g the hbalf eycle can be repreberncd as,

r 16 __ _

LtJ



A circuit analysis of oach half cycle, assumiag thAt the

cuarrent dtre.rg the opez portion decays to zero ir~ediately,

was carried ou~t by sovr fo rrezu L nd1. a ~tc

of the balf period, 7/2. --- t
2-- 4aerage of the smof ak.

current& through R.-reprecmnts the D.C. output or the bridge.

This expression Is,

vber i represents the total resistance of the h. alf cycle circuit.

p s Diode forward reessac

1aSource resistane

Rt 0 Output resistor

aCoil resistance



The coil resista.ce is equal to the total resistance of the

coil vlndings plus the re istance induced in the core. Initially,

both coils have an air core. Thee, on.a Is replaced with a core

of a finite corAuctivity. .%will differ in each arm of the

circuit between these two situations. The resulting amount of

unbalance, as recorded by the D.C. o Tput, can be calibrated

with the core material conductivity. 'With the present theory,

Ris given by,

In er~s of 4and E. is,

However, due to the svitchrg action of the diodes in the

circuit, one of the basic assuzptions of 4L sirmsoidal steady

state is no longer strictly true. T7hus X must be modified

for this condition by the ratio factor (Apprdix B).

Another modifying facror, C, is Introduced to account

for other non ideal pararetrs of the circuit. With both

these modificsations RL is,

&~.CLE+ 24 .s!. .C
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where r"'o 3 Maximum enerc ;-.

C a Ron ideal circuit parameter correct.ion

Appendix (B) explains nore fu'lly both those parameters.

4.2 Brldie Sersitivity

?he bridge voltage sensitivity can be d fl.-,cd as the

change in output voltage due to a change in the resistance

of one arm. Since the output volta.e is across % , it "-'

r.cessary to separate Ro from the total R. R will be definod as$

A ' R D V 3L * s r + R3

Dividing both sides by a (2L -) fi-ctor this is now

defined as a type of Q for the bridge.

2Lf 2 I.- Z/4
xoepins P2 constant and as.-"-ing L., z D2 RIs allowed to

vary by a chango in r,. Taking the part.'l derivativ, of E0 with

respect to r. the resulting expression is,

2 L
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By defining = Y%* 2

I -_-

26#f

Thus, + and

Defiring the voltage sensitivity S, as

the above equation can be writter. as,

um r.uircal evaluaton appoars in Figure (6). So4

irtoresting cor.clusions can b4 drawn from this equation by loweing

at the limits of SV as k arh k0 go from zero to infinity.

a) for constant k0 as,

k-OAS Sw - initing value

b) for con3tant k as,

.-- o S .

k- Sw ...b since -- A 1*. 0 -

Graphically this can be represented b,

Locus of limiting S a

f I



Figu~re 6

4'~ 
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Thus, a low value of k Is donirable for .xi.us bridge

sensitivity. Yet for a given value of k~l, sensitV.vity can

be Increased by increasing k 0 up to a point.

Since k increase% with %o, increasin; k. terds to decroase

Sy. Thus an optimum R at which Sv is a =axiz=u vin occur.

k. Its 44
1.3 Experi ental Arrangement

In order to xeeva as high a snsit.vi-ty as poslble,

two higher Q coils were constructed. 2oth of thesa coils, as

moasured on a general radio 1650- bridge, hd az irductance

of 6 x 1C-3 Henries with a q of one beIng 1.} A tba other 12

at 1000 CPS. Due to winding difficulties the L was roduc;d

from the theoretical value. Figure (7) s.ows tie coil

dimensions and perizeters. One coil was constr ucted to accomodate

U* removable 1/ inch metal core, while the other raained an

air core.

The bridge was constructed usinr nuzber ;-D junction

diodes of Us following charactorlstices
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PIV a 200 Volts

'D C zax - I Amp

IFWD at 1 Volt a 1 Amp

TAhus, the dicdes had a fairly~ zharp cutoff point cwd

a high value of i ,iting current. 0heir forvard resistance was

I Olb.

'ho output resistance was va.-ie by using a general

rcAio decade roalsta--ce 632-4 box, vi h decades from2 to300

A balance resistor .6, consistirg of a slide wire rtsIstor with a

raxiza resista.ce of .93 O- was used to ba.ace t4 circuit to the

£CA origirAl ZC volt.are rea4'r.S. Both the slide wire and

dacade box were outsiee %,he bridja itself, thse bridgo box coz-

sistirg of the two *oil& and tho diodes. i.re(8) sh.ows the

basic bridge circuit.

Due to difficulties in maintair.ir.g a st&le In at square

wave signal, a clipper circuit was built to Izz-=& a co"stact

voltage to the apli*Iar. This is shown in 71igare (9).

The expoeri etal circuit is shova in Fltezre (20) wan

ootained the foloving equipments

a) General radio power suppl7 1203- w.4%h OR 34L oscllator

1210-C 0-30 Volt peak square wave input sinai.

t) Clipper-rAxiua voltg. 'of 6.75 volza supplied by

mercury bItteries with a variable resistor to coatil

the voltge to the amplifie

J I
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C) Dyasndt a-41o a-plii or-za.' contat~.at. about 10.

4, .17 output torarm&t . used to provida Iva input lopodanc

for t.e bridge circuit

*1) jj~j,.-?&esard AC "-1-400;) to ess-e 11 ino bridge

0) Bridge vith decade box and b&Uace resistor. 14w

decades used to MIUSZii a W 1 0

f ) ?.ebttPaemrUe. ;c m..-400:) to zoesII'e~ %.o bridge

g) Utjlt .poAC'd rC Wv-t.32A to record ttoe D.C. out-Pat

of the bridga B0, dute to '-.h ue~z-Ianc*- TAN &MIS

reading to I x 10~ volts.

U) U~* ?cadC?.-13OS to co'litaloOtpt wave

fora pattern as yell &s c'.cc'A iAP vaw form.

The cores were =*do of coper, brass, &Zd ka~un, all Of

at u-. 12 in. long xAzd1f in- dli=ter. Thoe" rOprQseltad es

appoi to~ rerge of critiv.Yvaixes of (3aftrmce 23)t

copper w 6.3 x le M-0//etA

Alwom a 3.6 x 107 )QIOrater

BraSs a 1.43) x1~07~ t~ y2

,..A, mpanWtal Procedure

The basic proceduare wa: at & v&Ius Of freAUIpao t*

"i ed record Zwith both owes air;tams, 10 PlaceS &

metal to"e in the variable coil r-rA record 'oa".Td
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core wse then rczoved, azd the frcqucncy set to a nev value.

va was r -intained at the care itial value and the procedure

contirued with tte samo rtal core. Only one core at a tire

was tested, and then the cone procedura vns repeated for the

next core with the asae value of *I as the original core. Uo

was naintaled constant throughout the series of tests of all

three car".

Tests er carried out for toth t, sc.:ro vave (with

clipper) srA sine wavo (v.out clipper) inputs. Since the

ine wave Input proved aupmrlor ir res-'tz, o--:y this case will

be peinted eand discusz d. T b.-trI.de cIrculit was opt' ed

for raxnn. voltage so.-stivity with & slr* wzve input.

hia caused an output res1stor i of 7.5 Czz- to " ured in the

c~c ir.iAdequte izstru=t&*-'om prob-lbitz-4 Lry exWerreata

ve.ification of this as the optiruz load resistor.

4.5 mcpezisentsl Data

Data was obtained for the T bride ,esng th three z-tl

cores. This data ws in the forn of voltage outt of the

iridge for air aW tan -ata' core 1z the call. .afortucAately,

the data was not extensive or Cood. Dflculty v.. oxp.lenoed

with the IrntrutAntatios In obtslaizZ detf.ite art repatitive

rcz4I=Zs; the readings were not deflrtIte hoczus. the coatput tended



131
to be unztatle, oscill ir.4, tround sc:a-.&xr. point. i usually
exhibited a swing of I 1A2 x :0-3 volts. "he rc-dinns yore

not repetitive since in =ry instz. .oe tho output vould drift

or not give the same rozdinas uhon rcpeated at th) s za frequency.

Possible solutior.s of these difficultici will be suZgestod

further on.

Data for bct& sino a.d sq=-o -wave inputs vere taken,

(Appordix C), but as a result of the uncertao , rea.inGs, only

one set of data, that for he &ine v.ve, is discussed.

Appendix (C) lists th da= ob-azincd. All roadings are

the =en readings of the vol-s-e ou.;zt. 7i.-.z-ec (11) and 122)

shw a plot of this data.

Another limitation or to d.a obtL-a-.d was he limited

range of the output rterirg. At 'o-" scale rta&in.s, i--ablllity

tused poor readings, wahile at h.ih s.=Ie -ea 'I.gs, lack o"

udequate D.C. vacuum tub3 vol.t .tor seo.sitivi-y s the rair-

lir ation.,

in the following setion, a hi;hly l4xtc compAriso is

made between this set of daza LA tha vp.adictions of the theory.

Io
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Fl1ure 12

Brldro Output iolta.,e versus Frequency
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5.0 ?shenret1 cal Ird 1-r.rtq Co-ritrizion

In or er to zoro fully cxxplore th rz.Z;e o. the theoretical

predictions, a digital co=putor pro;-r &= was orployed. This

prolra.r calculated bridge output a a Punctiole: of frequency

for various combinations of coil ar. core ar=-otors. The

equation for bridge output,

-= j- .,.I -

,.t2. ,,

vaa p: o;;rarned ±n For .:.'Z ior.o z=:.: 7o9. ;t, ovalu ion yas

then carried ou.t o atezp. t c . ch cx~r -z:.l &- th.eorotical

rhinos For the data ±.n qucot ., tha t. ¢o:et.ca1 calc"ulors

asuurod the follov1ng va.lues:

.:,, f.7. o.s

• ~ ~ ~ - L: 2 o'

0A1

Ro 7%. ohs

.t2,, 42,.: 4.0 oh.s

a L2 = 6.0 m.illihenrie.

4-g= 0 ho/meter

= 6.3 x 10 Co;p.,r, 3.6 x 1 lmiuar.. &

1.. x 07 Bra--.ho/neter

7gure (13) shovs a coptraVtive plot, for a valua of C z 1.0.
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Agreoe-ent is obviously quantltatlva'.y poor qut qu.alitatively good.

Before discussing results for diffcrant valuea of C, a better

urnerstarAing of sroe of the 11m.itations or the t.cory is'needed.

Upon comparing data and theo.-y it Is noted that both

curvos follow closely In cqualitrtiv rature. Both display

anxmu=ms in he sare frequency rane ndr t..oir ordar in zagnitude

Is as predicted. But u.foru.nztc-y, tha differenccza overshadow

the similarities. It .u' to em-phasized tAt the theoretical

predictions are only va'-id up to tho :'rquency whare r € a S,
the skin depth limit. For the thra cores used, t-is frequency as1

Copper .a 500 cps

Aluminum -6700 cps

Brass - M80 cps

as noted in Figures (13) and (14).

Note first the rap'd decreasa ir th data at higher

frequencies as compared to tho theory. h.hs is due to the

skin depth limitation that is uracco"ntable in I--* thoory. Szee

the theoretical relations.ip tetween st f ( it) is valid

only up to the frequency at which ro r , it %a restricted

to frequencies below this critlcal frequency. After this

frequency is exceeded, L changed ard an ur.baiance now existed,

due not only to R but also to L. Sut, past this frqueney

limit the change In R becozes less since the fields ere

now excluded form the core. .huz, there is less lrnuced resistance

than predicted by the preco-nt theor-y. T:-. fact that th* irduced



resistance tatOO& L=a.nx • r.car the iti',2. fr4e qcncy is

an izportant 1 =ir~ton tht is n~ot re!".ectCe in t?.c "*At

theorj. Si.ce th/s critical frcquerncy va.rios vuth coe conductIvltys

the point at nLch L start.s to diznih .n4 the bridge ceases

to record lust Chance$ dueO to R, vIllI VSZ1 With Cora zatoriaX.

As L gets less, (?-/o.) .-- terA to decroaco even faster, due to

a more ra;4431y decreasing (LAl) in the vic~n~ty of %ko critical

frequency. %:the oxqt cat toexpected to cross th. axis

at sowe point daper6Ont or th e criio~l LroQruaac7. 5ino0

thok orlitiOI ct n~ deecf-s with a hig~rhcr COitI atoria,

this cross-ovar o-it car la " pcct to sh 't o %2: right

vith lower vs1uS of 0. Zr t. a liit, thus, es V -7 0 this

poiiii will be at infinity. WS(t;3/ ~e(~*zm

can be seo=&atcally reprazatod as,

%% Jrase. " s I uI
ICoppe

.. .I+".



This rapid decrease as voll as the exclusioon of

the . fields from the core at h:ghar frcquoarcIs are

two important effects that effect not Only the shift in

peak of the data ar theory, but also the ragnitude of

the output. In closing the discusslon of the skin depth

limitation, it should be noted as zat forth in Ap:;tix (B)

that a true sinusoidal steady state does not exist due

to the diode action. Since skin de. th is defined on a

sinusoidal steady strte basis, this too uou:A be zoew At

effected by .he =-sinusoidal behavior.

The quantitative thrercc ho;uacn Vneory and

oxpori-ent is J.& rext poi.rz in qLusLion, or, thLt is not

casily resolva.. FiLure (13) s.chs a p;roxirtely two orers

of -=nItude difference betwcen t'e zhco.y ad data.

Figure (14) stows theory and experi:ant for C a .01. The

shift in peaks Is due to the skin depth 14nitaticn as

postulated previously. This =cars ttat either the theory

predicts values of Induced resistance 1C0 times Zrcter than

Is actually the case, or the thCO.-Y s rong. There are

several possible places that thIs discrepancy could arises

1. Inconsistency iz square wave derivtion of

bridae equatiors -1 sinusoid'al dorivation of R2

2. Incorrectress of RL due to skin depth lizitation

3. Losses vitrin the actual circuit not &ccouoted

for ir the theory except, by use of the f-ctor C
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T).s first possibility shavid tot cr.u&a aniy sl~n!:lcza-t

diferences, socec theo br.'dre equ~ations siud be of tkha

&=goreral Tars.-

The second possibIlit y is har to vva' zto without

& A.11 derivat' on of an ar~Alyzis iauii Ya skin depth.

If the bridge equastion is of the se=a forxz nt~a ligtt of

1. v a swall clacge In R2 c Z srZ.Y e~ett..gi

of A! So E due to thle natvxo of he eq7.tr-. An IndAlcation

of tlhe change is givem by the c..rva of krid: vo=. sensitivit.

4't lou values of 3.

As b!rpothcsI.'cd ir. A;;*rix (3), the .fnctor C Is-

,=a6 to accou~nt for lossea of po-cr In the '4rl.;e thaz w7

rdu~ce the pow~er to tte colD, ar-A th... zhe s-.czth of tke

irntuca MIAl vit-ia the coil core. Vn..se Icss-4s incluit

C4otact resistances, XUtAI Itca-e b.-txe=n calls, ;=-

balances In L1. 1(L and j?- if ..e Fmvr all af z!he.

vould appear to be saan tets, 4LrA =t zizztl . enogh to

caute a r*ductlom of a fJactor af 100 != b14 p.Zo.nc

Treo-etical reslts tav. 4iicatsd that an unbalance in L of

10 % causes a reduction in outp=t of 4bo..t EZ:, Valo &= uibala:.e

in 42. oiX 255 causes a redu~ction of abnut Z~. 7ho rnituZ- Iduetene

betUce" the coils reduces the par -.4 the cails, therefore

alzo reducing tbo sensitivity ard ou.tput. The nsgnitude of

this char-go iS not kw=~, buzt 1% vau' 4 saa= to es=li for~
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the coils and field s .ran.tas involved hore. Th.uz, the factors

vich C is related to, w-ald appear t. bo of a saom.-rary nature.

Until better data i obtairAd, nothing pouitive can

be fdrzulated as to tb correctness or incor.-zctnecs of the

t*ory. Since better data is prizwry to any reliable call-

bration, a need for a revision of QIa teo.y vould ha deperAezt

an this data.

.N for a ro~ant to ;,e ra&sonln; tA? te tneor7 Is

COrrCt Wt tAt tbe 44=arO-_ ThiS*-g a s '--. Orl support

the* possibility of f&iilty L-..o or coil corst: t4~b. This

i2:l be proved or dispr-oved mily u;ar. corxz 'ction of a rev

bridge and obt&inig of :u &a bev-er data.

/

I/
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6.0 Un,,c jnsi-

Con-cllsiorcs can be very !brlifly =iz -s~. as tfoncrst

uing a waolSear twin T typo of br'Z In con.ctioz vilth an

Ir~duction coil tcr.1qua, a rAthc4 ol dat.-. n 1 t a rolativ4

*:etr.ca cotiactivity betuon bi~hy c r.4...n rztrials bas

b4=o devel.oped. At present, tLs zt-orct~e&I zza. o: tho Lethod

agrees *= Lzyi a qualit&.±we uay %:.thc &=, £zv. o: data

4& 1 t % qu~titativ* htfr~cz~as yc.. t.e formulated.

Feavr 1t is iportanlt Wo n~ote -I..~r.. 4vo:..zr-l 4.xalojcant

0. &z lzatrn-rAt. zrA~L.~ cxcx.z ajraczo .- bu t

a poir, a.' sa1.1sfact-Im, zZinta tt pr1 corxcor- Is an

accurazo and r*epcatb'. csa.'r.c. i:.= uv-cLth zb m car.-

duct~v% of a sau.-lal =. uu. La -.r ho Zial poal

of t~sstudy Was to doter-inot Z"a Cq"1--cLZ c- C - -ctivity

of. a um P Ase liquid =to'. flow. es ee".c LLnot Won8

acb-'eved. Rauier, the prctocm; t.pr.q o us.~ts £8iitz

step i. tbat-directios.
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Apendix A Z*ctro-=imetie 71eld Rej.,toc -s cr i-l

WdtorirS. to Use goozetry of the foloadng fire,

it 12 aSCiWAd tbatg COI =&)IVA

2. Ths skin depth .'a not mcod:. SI

2. SolgVt C. -

.! Ta coi v~i~gs can be appr*%i=t.4 by a zero

or~der, tiza-vi.ying c~.-nt shoot of =acg-Atad*

S. The coil ir~ings are of iifirit. wocucivity.

6. he ~.Is of =-aj~etic zatea2.: .A- -,4,9

7. Isauze a hirnauo~dal steady state exasit. ?bes

anl te.vwl71ing qrantiti~s c=J be r*;roectsG, in

Complex notation, asproportional to -w

S, Xnelct all field external tor a re.

9. The solution cun be carried out in a form of

su casive approximations, I.a., tr assuaing



the totuol field is the rn or &AI in-i'. series

co~sistiog of vcr-s of diftering dczras of tSito-

,swiatiao (so* 3efaramv- Y1, F~no, Chip. 6). Tbs,

w!~ere sgbxori;tc4 terms will be reofcrrec4 ta a

t-he zero order, first order, soowvd or~er, &to. Of

the field.

h e foll~ oing wtzc il a gof t

a). init vifxei* h airl Uss~a ncm

otalfe, b) Snge order c~~rtu~l~uoaz~oie

fbeft I oe xth e W2Wd cnUt* Ofi3na .ai.ce re

Ai iswn eJ h aioI Xssa.I-ab



k

elect"Jo field In Ue co-e. Gce tO propor fildU relationships

are ,istablished, Poynmt:is '-ore. "a be used to deto.- the

power flov into a control surface aroud tka *we sizce the

flelds outside te e ore aeneglected. FYro Trhs, the ti=e-

average pw*er rela tio4ps for the coll due to the a,led and

induced fields, c m te derived.

Throughout tb& arzalysic. t1e Anation of Wfronos 1U

will be adhered to. All w.ait i i w."11 be o f &oqpa

tine-varying natw-.

"- Zo Order Fields

Tb to ox-der Xa.BX llc olal !on a"e

=0

BY a-waptIoai S, :J ane both s--ro vithin the ewre and with

an appled curt sbee at r re of,

From the se= reationship and bwjry coadidtons. the sen

order mseetle fJield Is. /

n2



I'

7Irst Order Fields

- =

In solving for the elcct.-ic fild, it, is noted that

at the surface x = C, I's c=s.;d cf t'o ;arts, a Co se-vativo

and solenoidal poartion ,C

CO:Li

AU conzrva.ive cop=-..t Lri.ns :rc= t.* in..c. surface charge

in the coil which is re&qLrcd to z.,t t. o -io tht no field

exist& within the col vilr4ir.s r ~ -) ovng a

at rz fr a the equation,

r..~ -x J* ,I.

Fro I& Ilace's equation n4 tbe ;cu4ary corZitiom o: no

field existUzg -armilal to the coil 4iret.Iom (1- direction)!

can be solved for.
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With -Che voltage across the coil dofinm by,

Substituting forl' becoces,

For a cylirdrical coil of~ 1.~r4t& j~nta , tha inductanc L,

c=a be defined

which is %be Fcarday Induction Lawi ralzzoW-a..p. COe-tir~in the

solution for tke first order flelds, V~e fir~.t order rzgnetic

field is solved frus,

since Is to. 7or alicear cora zaterirpl of cozAuctivity a-@1



lths, sagbtitutir.5 for ~

7rxs, t.ba c.uct of a tat..t owe cor4-.du±v~.ty Is seen

cae In uuh013;uhti A Solton f~or tIS

c&" ma~ be warled Quzt sl-iza. tiaz foI.--~ '.*W (Ps erence 22,

pg. 205).

SUca~ Order ?I*Ms.

lz od r to c=:-iatz t2-& ;.=;vi.4.cz of th f Ids

ordor ec=clil fIU s edc6. i s V byv3.,

Soiv' zg for within the ewe.

FB a] 2y It Is the red paver duec to ezzdc lossc. "u~sed by

this field that causes the &ca a In -4a 1 1=z4 dus to %be

prcor~c of a coxv of flult. comtactIvIVr.

Power Ralationshlys



Poyrnting vector it,

,S 2+ S +8 4.+

whoro u n.e co=Ploec Poynt!r..Z vactor, can Le round from

- -a

-Z,

Subszitu.1r.S the previlcusly dar vcd fle'-d axppaszons, and

tr.mo~zmting the ?oyntinZ vactar over zha corrol surface of,

Cl~ re~

<:a> ..SF 
-

I V=

NT1

reulsin"-msin frZ= . ti~-.+L; os dLJztdi
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current. Tho total t -...-orv..-a pcver supplied is,

whore V0 Is the torr-'nrl' volia-o ir.resscd caocs the coil

If the coil has fTinito resis.ce . ,d uo6o a no-

Ininnito coructivity, the power loss due to t3 is,

Equatiog the 1np'at power to that dissipated,

Supplied Resistive ptwor Rc"'va pswe. 1Iruccd rlsistlve

Power Lss of coil lots of co:a powar loss of core

The magrtu oe of the power can ba 4 rlrvcd "y comoining real and

izaglrary pzrts. Thus.

~ 2,Vo\ -U.,,,..- __.__. "id

noting that the coil imp.anco as seen across Cho ccli terminal&

is defined as,

Vo

pM,



and dc. inir.: the ratio of coil r.-ctic eara atorad to the

rcslIstivo ;ower dissi;ated, as the ratio Q

thIs express~ion cn be al~pbraical'.y rar.Zd to,

From the definition of slin 6dcth,

t.-s 4 ,a c n e furtter reduced to,

Defir.ng the rati of coil rz..iu to skin d. a as

a final expressicn keovean quivalcfl coil irpcdance and the

co.l para=tars Ia obtained.

JL- . k.2 .'"

Separating real arn l=ginary pats of tbe &boe

expression yields the f llowin equation for the total eqnivalent

coil and core resistance

..s vJ2 1+t

as given in the text.



.ppcrix B f'e of 'o '- '5! -tv St~~i r

of ~~~e e-. d 0-'

A basic assptjon -a t -.o a v~t of tta .goild

co7,atiors for the co~l is t .st a -j-uoizal f&tec.,y state

exists in the. coil-ccr c~bition :Xc.-.*cer, i= the Tbrnidgar

tha died. action cau~ses * 0 sinussolal i;Ut to 1:0 switched

, ofom a £full cycle !s ccz;-.ed. 7:.-.:, z, Ifu1 sa±c tady

at.*, is no'. esa& lshcd. S~zc :,c.rtm or s reductjoz in
powecr to the coils c"n be ceerivzd as follows.

Fcr an I-u or -=-a fraec.:cy, t a coil does recolv*

the full ste.4y state zvcjor, while ro: -%it raquency

n~o power ir.. Zo '.it* the co' . Thic -wz Zccz Jnto the

*oergy stored ir %he : fiIicd 72.a .- ddy current lessee;

In the core. The onorcy ir. the '!a~±c:iid of the coil Is

given b.- 1A2 L L2 . If thec brid~a c~recuit is zsaized to b~e

an 3-i, circult, the expressio fo~r currazt In the tratsIeW

state is givem by F1T=Zeral4 (Rrer-ante 32, pg. 162)

where aIL Rs +RD+ 41

t'hetfore, tte ercyr per cyc~ 1inpt to U.e c 1l Is,

~~~~~~~~~~ IN~ C Ir(l~- ~ C~-~)~~
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atio eth iu7t rni~tccg s

=c~ 2 vt f = 1.#*7 &a4 t = , th-is redces to,

if it is assumed th- the -csst.ee of t.he e.ire

ILz proportional to the cr.- to -.he co."-, Ztho. ratio

cxpress.on reprosents tire r':Letor. of f.rdz -, rcstUn.ce for

tho core due to the lack oa E. 1 asoldrl s-.ezy stato beinig

established.

A plot of It.s expreasion for tha c .. t.l circuit

is shown In Figure (Ml). rt tat at

ef 30, atio = 1.0

f =Ca eRatio x a

'hux for short trasiant per..cc, ae-y a =611 fraction

of t e axi= e=rr is inprt to the coil.

Appor ix A derives the expression for th. total, coll-core

rosistaoe as,



*1.L 

:.7..
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Tho term as poc;ororl to the r~e~ caery !=;U into

tha coil. Ths, 1if 1;, !a rc.uccd ty the ratio tz-- =oa zctaazre

Of VIe OfC~. of the =or-3ir.uZotdal Zt*ocdy state o the

thozatical resgts cL. te obtaned. Thia affect on R, is

shown in t.:gure (B2) 0 for t~he pros vat lmldza Cir-cui t. -..to

that. the eff*c Is. oz oe f i--pot.z.ce ;xirl. Lt h&gh

freuencies.

CVa parm- terC could .s:o rcduce %h theoretical value

of t!:& !4-.c*A res=s.xce l hozo are: zu~m iaud.ctance

b~tvr co.i1s, cozttct rcsaIst..zccs, c-- eifect3 of tha ar.- filds.

ALn acuctinZ for this ca *- =L4 Ly. -Inc.irg e:.other

rduction fsczor, C, I=%c sha, exezz-om for R.. &-=s,

This factor c=~ '-- dater--'..d x .rt1yazi used

as a corme~tirg factor for .hc parz1culzar tridgt circualt.

It shu1 be n.otad et~. the app .1cal.ior of the ratio

factor Is ut =m ap uox=.or ar- a=d te vitirod as a"Lb For

a rigoos derivation of zha Yo.stuoca.efa x ) 'el's,

*qua.Sozs sh-d~ te solvrA with the o-s!=zoidr. boaio

of tim zW current. -.he ditf.c~uty of ca.-.7!g ou'. sueb a

£A=Iys is beyoncd the ,Qr4oef the project. Tharefoe,

t).e rat,-o factor x.r-vos az an ir ties tao t'.-o bahavlor

of the circuit.
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PROGRAM FOR CALCUDLATION OF T bRIDGE VOLTAGE OUTPUT

C 8 T LUBIN NONLINEAR T bRIDGE VOLTAGE OUTPUTCALCULATZON
DIMENSION ROlIflO). 5161 (100)9 S102 (100)t FC500)9 E190
RFAD 2a.J# Ls 'I

-2 FORMAT( 3tS I
RFAD 4 s I ROCK) # Ka 1. J

4-FORk1AV16EIO.3)
READ 4, 1 S162(1) 9 1 a lip LI
READ 49 C 5162 (111 v II1 19M I............
READ 4 * RS ,RDIRD2,01Ec,1,ME2XLIXL2,RAOZUSFMAX.RATIO
PRINT 12# RSRD1,ROZOMEG1.OMEG2,XL1,XL2,RADIUS.FMAXRATIO

12 FO)RMAT ( 2v T ARIDGF OUTPUT /
-13H IK,'UT-DATA----- -

2 2X*8H RSm E!0.3,2X98H RD~v E1O.392X98H RD28 £10.3
3 2X98H OREGIm EIO.19ZX,8tC OMEG~Z EO*S. 2X98H Lls E2£0.3.
4 2X*8H L2w ElO.392Xt8H RADIUSwEIOe392X*8H FMAX8 E10.39

o--*S 2X98I RATIO- E1O.3 T-
DO 4000 K a 1. J

DO 2000 It .14
PRINT 14 ,ROCK) 9 51611 I 1 9 5162 (11) --

14 FORMAT (I 18H OUTPUT RESISTOR ' £1.3v 7H CONDIn E10.3
I 7H CO'dD2* £10.3 / ...........-
PRINT 16 ___

--- 16FORMAT (' 2-iH OUTPUT CALCULA iONS - -/
I IX. IONH FREOUENCY92XiP1UK EOUT/EIN s2X9 JON RCORE1 v2X
2 1(2K RCORE2 o2X. ION RESISTI -92X9 ION RESSTZ,--
3 2X* IO8 RATIO/

* ~C START OF CALCULATIONS .-- -

RAD v RADIUS * .0254
XMU vt.03000126 - -_______-______

F(I I a 1.0

DELT a 1.0
ECO Ia.0-- -

n0 1800 N x It 500
- -XR--RS-+ R01 ROCK)- +OMEGI -

Z x XR/ (X~l * FIN)I
-XRATIO x RATIO*CI. -2.*EXPFC-Z) +1. *EXPFC-2*Z-)t-
A a C XmU * RAD '.2 * C 2. * P1 ) **2/8* ) * XRATIO
RCI OMEGI* ( j.+A*$IG1CI) * XLI*FCN) **2-I OMG -)- -
RC2m OMFG2* (I.+ A*5162C II) *XL2 *F(N) **2 /OM4E62 I

- - -Rl--RS---RDI ROIK)--+ RC1
R2 a RS + R02 + ROCK) + RC2
R w ( k2 -RI ) / C RI * R2 I......-.-
XKI a RI ( 2. * X1.1 0 FIN) I
XK2 a R2 1 2. * XL2 * F(N) ) -

XXKI a f 1. / XKI I * ( EXPFC-XK1I 1 1.0 3
XXK3---XXK1 / Rl------- -
XXK2 * C 1. / XK2 I * C EXPFC-XK2 1 1.0

-- XXK4 sXXK2 /R2- - - - --

EOEI x C ROCK) / 2. 1 f R + XXKS XXK4
E(N) s OE? .- -- - -

C PRINTING OF OUTPUT
PRINT1S,9F(W-,-E(N). --v R.flR.~~1



1S FORVAT ( 7EI295 I
C FREQUaNCY CYCLE CALCULATION

'ITF I FIN) - FMAX ) 100 9 , **20
100 F(N+1 I a FIN) + OELT
-- F -F N+11 t0EO~r-T6DF~lT-T80O1009i~
120 FIN) a 0.0

-OT 10L~I. *DELT
F( N + I I a FIN) + DELT

-1800o CONTINUE --- - --- -

2000 CONTINUE
J7000-CONTINUE
4000 CONTINUE
- -CALEXIT

END

***--------* ---- --- - -- - -


